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FIELD OF THE IN YEN HON 

tripartite molecular beacons (TMBs) that are particularly useful in high 
throughput screening. 

10 BACKGROUND OF THE INVENTION 

iu> 5 a 1 s ^ i in im I o pi 

ribe no c illy i sta oi &e art to which this inventioB: 
p tin the disclosures o.i heseref n« arc ua ; «e< parated b> 
? fei i t p ^ ire, am ivt fereat 

1 S are 1 isteh in the appended list of references, 

x i d t v * ire < > k tic targr. 

)U\tUl N v ' i v . \ \ ! i - i 5 i 

20 can be made which are specific tor any desired sepsnee, 

tiii ^ > i . n ^ u e i u uuofnb o 

IX .i.^vueri ,.K; i tl 5 N i si „ i! i U <.s i ^ 

1 i ^ [ li ^ ! ! ! ! ' 111! 1 ! i 1 I ! i < i 

;>5 Ov * ^ > % S! 1 1 s s i 

1 lv is 1 He . i k iU un ed m j\ii ih i < < 
i v i 1 >. <■ 11 v i 1 Si ! ! « 1 

time consuming. 
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Some of the problems assoc ated with fluorescein labeled linear probes 
wore overcome by the development of molecular beacons (MBs). 
M Aei hi hi c >ns * e lairpin-shaped o oam ieot k probes bat 
fluo e ce oni\ whet, tl ev hybrids s to 8 sir targe hehairp bape < 
5 the mole ilar bea< cans misn lied pro rgeth rid to easil} 

eonipiementar) hybrids Tbistherr ! ^ m a 1 m >mo - ! dn b< «i- 
increases ' 5- loitj of molecular beacons, thus enabling them to 
d^uugui>b n't ^ K K ! ^ < ' v " ' 

10 conjugated with different tluorophores, molecular beacons can be used. 
, i , ! u v 1 »es ir :hc wmfrsaiaple: 

Moles uks 'v. eons have everal sig rii c mt a< ^ 1 ei iiaeai 

probes (Bonnet, etal, 1999; Bonnet etal, 1998). They work as simple 
15 fluorescent reporters for specific nucleic acid targets in hybridization 
st x t o 'i v . J o< nek s n ns 

add tat go f > > d nos •> i a ^ k mismatch or . nn can be 
distinguis ied"» tb pi s ai i he fl f oresc ence reporting is very 
20 sensitive and a fluorescence increase of up to two orders of magnitude 
can be observed when a matching target is introduced. 

Molecular be* ons (MBs) we been used in a variety of nucleic sold 
b edd e< samples, raoieci Jre im to 

25 ( H v lU s 1 s <. S i I < ! 

(Tyagi et al, 1998; Leone, et aL 1998; PiatecL 1998; Vet et ah, 1 999), 

u one-tube assays to 1 id ig mcleotid ri sin 
DNACKosrrikis etal, 1998 a, 1998b; Giesendorf, 1998; Marras, 1999), 
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and to detect specific RN A target.?, within living cells {Matsuo, 1998; 
Sokol etal. s 1998). 

>i!K i il.nck lit mi I be d - s i 

sc. er il paaeni. M0'u«iwA lb SA1A517; U.S. 4" , ana f S. 
6 J 50,097. 

Despite the atbrementioi i attributes < i s 1 n- beacons 

aw backs. First of ail. ui c N! ! \e to make 

} } i t I \ ! 1 5 

i i| ! ' i > » Ji ^ ! KHO , > t> I! » . 

speoii -Dp V probe f ich wbhesi xlnwb utar beacon needs to be 

vo si, ' i 1 1 no vo a Bed j « t is pariical 
important to eliminate probes which have a fluoropliorc attached but 
> nhich h f ptenc' si* n ulc ilcru-i d 

background fluorescence. Secondly, covalem integration of fluotophore 
' and quencher with DNA offers no flexibility in fluorophote change. For 
die situations where two or more DNA probes with identical DNA 
sequences In vifh diffei opb res need to be used, multiple 

0 s n uvses fie nions h ! aniec o« i llih 1 foi 

applications such as DMA rnicroarrays that involve surface 
immobilization, molecular beacons cither have to be deposited onto the 

> ^ i \ ^ v. s ! i O'c it * ^ n 

buo phoi can be plioto-bU -bed retaOveb isi * reme care is 
5 euA\ at ^ u u i '5 u v. s to - ! 1 

f .hi^.t i ^oMb.K.v^ i 'UvIcj ' 4 s on > «. 
. use of .molecular beacons is not practical in various situations where it is 
eesuc v re lowc: h ncw-0<, or e\ on f k w*i d> > l d » u kkLk acid 
urpeisswa h.-ao'ub o u A ! >; c\ * nee n woufn oe exuemAy 
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- > \sb. e to construct i D\ \ ch ; ih 5 oasist.N of hi adec b o: even 

kntJvnaK t 01 \ v»Ul i <1 ' i <^ < J - 1 b ^ tK'U TCUUUK a TO J 1«d 

liyn or a novel an noleoolar beat « olv« is 

fotovcu, u l bui' ' M^^aiuri-nl 

5 md m ^ j So; iJi ! >, j «ti ^ i <>5 h <- < ' 

k«M"\'i' applications. 



SUMMARY OF THE INVENTION 

Phe present nvention is direc dt a ovel yp o rnnleoniai eacon 
in called a tru: ' en munetous 

advantages over previously known molecular beacons. Unlike prior art 
c i oov&k >f a ileorophore ai 

quenching moiety to each specific sequence, the beacon of the present 

invention utilizes a. universal fmorophore containing DNA sequence 
! 5 and a universal quencher containing DNA sequence which arc each 

capable irming a dnpi a universal lo pa 

aehttipartit decuiarl } comprises tin 5 i j ,o > c 
.rtpyt, I u <■ ( ,1 u o ! 0 r si vns stcn «\1 k> 1 

20 structure and the second and third oligonucleotides each comprise a 
eq ce mpkonenta pposite strand 0 so ho pin stem. The 
eeend oa^cnuel > «m 1 u< ? la >i^pho , si k u t xncto ana tUu thud 
oe, „ <. , u i < < a ; > 

25 lu one aspect of the invention, there is pro vided a tripartite probe 
■ ompri ang: 

„ 3 s ! si i < * h f i I 

second end segments; 
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b) a second, fluorescemdabekd oligonucleotide (F-DNA) 

? \ i \i! i, i i - 0 i - 1 P 1 

c) athi d ? menc) ei mod fied oi mucleot Is ;Q DM k) 
hs^bridizeo to a portion, of the second end segment, wherein 

5 iv \ % d - \ m ^\] oro sot'toen 

cornpk nosier reg oris capable of farming the first 
oligonucleotide into a stem-loop structure. 

In a preferred nbodfrnem he fir* I segment comprises a firs 
10 ks v a h s i » r n d ii 

v to the ft \ 1 egmeni, a secon 

c- a sv.gn em i.o ipK-v x> i^ 1 ! v s\ ^egnvm 

complementary to the first complementarity segment, and a second 
o.ligon jotide-'bindi egrnen i u > < < coral 

15 c i ! ! 1 h 1 i! , * 1 I Us <- 1 ' * f 

nuokotid ! < ' d ! fa fa -\ es to ;k 

second oligonucleoiide-btnding segment 

' ic picbe >o unen : eeroero.. fa v i . i kunx > os ip en t nm> to 
20 , t o <i i ia,i : ti > u »v« vm m u m_ u< n 

of any desired probe sequence. 

lit), al v. fvO. t mu It I 1 , ta n 2.00 «t 

v. S I -! > Oti ! V i I S l> 11 ' b 

25 1 . U cbv in m -~ 1 :\ \ ,«i tbeQ bfa \ ueo pogrom hoeb\ 
finoresc u i \ the! DNfa 3; urn d > 1 Q- > % In 5 € 
E CNtn c ' i ^ h ;<ev ^ n >U n u to 1 u 

JV , 5 fons 1 e , b o o [ 1 1 

tbeF-D v , n w et >i torn the F-DNA can 
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be detected. The melting point of the poobe-iaaget duplex is higher than 
ICiV i, pou ^ dK vtn iTrm.d < u 1 ! i ( ! a ; <. - Ht\ 

regions. 

5 Si 1 ! l !!! iU It ,!v>l 1 " ' - v 

; j j s< f » i } 1 ! 5 5 , 5 e ! v. 1 v v' 

moiety attached at one end. 

i < it i t p ti < vie -m » ! 

10 The kit comprises: 

:0: << ; . i>ma Je ioh <1 1 >K x i ao iouo-^aprobe 

I ^ u m i i t > ! d 

probe sequence; 

ii) a fluorescent labeled oligonucleotide capable of 
15 hybridizing to said bop oligonucleotide on one side of said 

probe teque ( - - 

) a quencher n * igonucleotid ib 
5 s i igormeleoii ! <> i < o 

20 

so au-ix e ;aa > > a ) s u r > j 

target sequence or the probe sequence may comprise a restriction 
enzyme cloning site. 

25 ^ ! * ; a < < lot h m f o c j u 

fv. d^ > » ! i II ( SO 1 u Vl^l^ P J 

^providing a loop oligonucleotide having a probe sequence 
aud eoripl \ n <p . 4 , s paHc (d' f< ning a stem- 
loop structure; 
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s si m u nh t <. > '<» n*e r tic ^ r dst i ace, 
m)m \h ting i d surface vitha lorophore 1 ,i ! 
Mr i , t< kL « . ,mu s t«- a m mn ot said hvp 
oB| (nucleotide aid qnenchet nodified oligonucleotide 
5 complementary to a second region of said loop 

ih « r« c eo Lde \vh « said u ropho ; b< ed 
,1 i < v. o k t. s ei •» i I i m Jdi i v. t tuv. 
m is ■■ S f ( >_ ) i n^ m < ... flO^v i s. o 

d« ectec win said pro! s nds to a corns lei o n 

10 targe! sequence, 

r a p efem nifaodhnent the ! 1 tide s imm il ed n 

•the surface through tree DNA ends. The loop oligonucleotide, the 
fli ! , thee uen hei mod lied 

15 ligon idc combui ot t on the si 

Altcm itiveh disc ophoK la >oled oligotiu* ies kit nd the que ichei 
mod Red •oinmk d a deed lt.es \ h op ig ucleodde is 
Immobilized. They may be added sequentially.: 

20 In accordance wife another aspect of the invention, there is provided a 
tripartite molecular beacon comprising: 

i) a first oligonucleotide having a first ami segment, a body 
segment, and a second arm segment, said first and second arm 

V PK' * \ sMKU! !lf l , 1 < t <> < <! Th. I.' 

25 iestn * a i . a siraenae: 

i ( >] leotid f t'luo its or at 

t \ <• K s 1 1 1 I i ' t M }0 1 

oniplementary to s £n ton segment; a a 
,ui a dind jit met . » < o «i « k 
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eud 5 said third oligonucleotide comprising a sequence 
compierrierUaxy to <o:id soeo urn 3 n >n1 

hi sJ ra S mn < k-^ i 1 > > s o , t 

5 < j. J Ira >\ hi 1 * t jo \ * ra , OnKkri 

l:he third o) iueleotnk ! ih i $ >; , k i t h d 

stem. 

I ! i i > i 'tis n 1 i ! ] n 

3 0 < ! U if i t << in ! » h { 

is >"!t}cni to f first arm segment are also contemplated. Ii> a 

! t > ^ - ! I - > f ! K 1 >E i v ? o > > n , 

i clus iu.i m k crar.| o 'iu ij o u m ! en n a Tes 

15 s f „m s si >robe seqae emes a gel 

sequence is cloned into the cloning site. 

In yd mother embodin ;rst ir^- ^ ? - on genu eotide is syndics sed 
\ hi i < i i a s \ 

20 

Prefe-nd | < snd adjom o> r 

« ^ J ^ 1 ^ - . is p ra o o s is i double s»f m ed 

0 M x J 1 t !. i v. OS ii < > ! S <\ ! % h » i ' 

1 i v s< . > 1 i * V h i i ! K it i 

25 her to form, unc s 1 i i ? 

oh t i\ \ - t 1 i < ! < t h ^ h < " lie fl 5 

■4reng fhu n the p* snv c> tiara.: sV -ten* a nd ^ dl mssocmte 

Low the probe se nee nm queri Ms 

second and third oligonucleotides form double stranded hybrid stems 



WO 03/034223 IX 1 <. V 

with the first arm segment and the second arm segment respectively, 
i i > stems have a sire < ~ m h i 

el Di j i |H k i < < . i v > v i 

5 According to another vq i 1 s ton there i s > 

molecular beacon alvhr ! " N - a i s X\ x v.qucrcc h u 
a fluorophore attached at aa end and a second DNA sequence having a 
qu » a n < h i. a a ah m ( e t ul •> ! > N \ a f > < s d is* 

1 0 louble stras iters ! > \ 

Isaacs dance wii.1 ra s ' spent of the haventic a ti is pro ? 

i epari partite moleci >eacon, sah ! 

eaanprisasg; 

15 reparn p sequel ! ] 

complement a/t< equence a tented 1 1 

»qi partially eo Yp.l ; n* 1 1 ich other, wh< 
s 1 m -' i brm a first si ( e region of 

><) <l !> ! a e d 
20 'a* , \ h V > > ii * x . 

s | ti u 1 v id j v< k fa i 1 j !( 

sequence is | nentar the s e I s 1 << ^ qu.on.ot 
<. s ; i , J i < i - q ,i< i i a < t 
- \i ! < > ' > v a la <>} \ - k]kh 

25 t i \ ^ hv - ' v h i t oi ui au 

he n-xno i * i > i oi 

the loop. 
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motecular beacon comprising: 

i) a fluoropha v ^ \ - q i . F-DNA) 

\\) d quencher Unhe "^A \ nl. ,5 0 1 >A A ), ^rd 
ii !. loop D.N A u .1 NA iviog a) a fii -itk x 
c si uiu - to said f AON A, bi s st. ood s< <k\ 
complementary to said Q-DNA, c) two short 
Ji . > p , n o ) ii v o v ! i - iX \ <. > . 
i D N \ i i i x i 

! i ! i 1 ! 1 < P 

i n o-n ?! i.f!osu\v we. saqnem- d 

probe sequence forms a hybrid duplex with said target 
i i i s e dis on of said m 

i plci-v V t 5 i 

In one embodiment,, the F-DNA has a.fiuorophore covaiently attached at 

V en >> < i p ■,!"!? i s J odtl 

L-DNA and the Q-DNA has a quencher moiety at its 3' end and forma a 
^ oi -acm with a sr t ! id off D J N 

other embodiment, t DNA- piench ii ««d ara 

im - < Mon, ^ > r -A-. a a of LObNA ird no f ~DNA h s a 
i m ! < i s i arid mi em with th( ten L-DNA 

h pre cist aversion a1s< provides > ^ ou i ; I ipart 
molecular beacons. 

ic input) o t ) \ i j ^ K i i i s i < u 

' set os ^ ..v i c n «s ^ I l * m < y m « >i 
applications where the use of prior molecular beacons was prohibitably 
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^ \ I o i j 1 * ntk u ii inelleihl 

abel the} as be o 1 10 a I i si to i ^ con icmo /goiesa d 

U M F Uk h Ot 111) t ! ) J 

k -n c<><-- .vrrla t,ni'i > \"u > <> ubic^ 

5 

1 ! ll J ! iiil i 1 ! I j \ \ U 

1 1 >i i ' ! 1. v <, ! 5 " S i % V 

! i i 5 1 i > ' ' i i tw ^ . NOxl to 

r n ! n\ > \ \ i s i o< 

10 ? K ! I X v - i v"> 1 3 X i i< 

beacon pro s d rs.g on rs i u< de m question i 

Kumi h 1 < j it r f t c ? v 

v'artaut micleoiid odi 3 i% si >le< 

; i.e. bin he PGR prodis 

15 

BMIF DESCRIPTION OF THE DRAWINGS 

1 I ■ uu\> men ! I 

, 03xc i >' s' o o \s is- -x. xborei] 

in >- i ! h u < » s j rt mole * 
20 beacon; 

t ! ! i iripartil I 

beacon of die protons, in von o on 

ure 3 ! ; ' jLipk om\ ccording to th< 

present iayerition; 

25 3 nnpai is ho nal denatufation profiles 

of a prior mo Secular beacon compared to a tripartite molecular 
beacon; 

Figure 5 Is a further comparison of a prior molecular beacon 
witb an e>;.emplary tripartite molecular beacon; 
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e v| i t s\i ! \ i 

additional periphery base pair; 

Figure 7 illustrates results obtained using standard F-DNAs 
and Q-PNAs and different L-DNAs; 
5 Figure S illustrates reai-iime detection using various tripartite 

no e s ac c as 

> ^ SK 1 it - ! K ^ It t (. 1 Cv'H' • > P, 1 

.DETAILED DESCRIPTION OF THE INVENTION 
10 A typical mdecukt beacon (MB) U a synthetic ohgomtaeoude which is 

prior art consist of four components; a loop, a stem, a S'ftuorophore and 
a 3' quencher. The flnorophore (F) and can emit intensive fluorescence 
when it is excited, and the quencher (Q) is non-fluorescent hut can 
1.5 t in fin iceresonan transfer (FEET ) wi 

.Ouropbore to quench its fluorescence. 

Figure I ilfusu ess lematu !y how a prior art molecular beacon 
t s 3 > ^ eaeon fi i p m em I \ 
20 [J nek k . v nets n or mat to its u eid sequent 

16. 

The stem 14 is formed by the annealing of complementary sequences 
a v. , k t \ ! <: [not ho e tachs > the 5 

25 _ i 1 t a !< ! i J fene i to < 'uau 

ached t i > end 2 t he Usenet oi ei nt 1 i is 
sequel ee as shown rn Figure 1 te rool ul > >> 

it emal hairpin thai >rin th fh ophore I and he gienc-h 2' ( 
close physical proximity In this conformation, the flue ophore 2d 5 



WO 03/054223 — FCT/CA02./02(K>? 

in ate within a sho tdi f c fore ; the 

energy absorbed by the fhtrophore not . iu:u J as fluorescence but is 

«n bred h nv<>o < nc n , s * " k er ,nw 
pr^enee or a r ~e? ^ oj> a<.;d sequence as shoo a 3 Fiat u 1 P>. the 
5 ool I = nfo md the loop i t ~> 5 1 rge 

tucV:< | !'i ii , i Pu ^ v " s I ouortc lo- 

ho - b! n i 1 mvt n ex 

a 1 h i i up ok Li K < of v. v s 

m. u i u ! i In ! I t t t ^ > so < if 
1 0 herein as a double stranded hybrid, is formed between the loop i 2 of the 
motecdar beacon and the target sequence 1 6 wbich forces the 
dissociation of the hairpin, stem and die separation of the finorophore 
from the quencher. Since 3 hist ui |\ lot a ed qt enehei o no longer able 
* s d ! t Hii re, the open state 

15 o uiar beacon em . b cc Flii ocu - >< iu the 

nieraedon get se >. < pence i 

stronger than the hybrid stem formed between the complementary 
sequences at fie 3 ! and 5' ends of the beacon. 

20 Knit j > i I u j n 

tvaeos -o \ n < k o t ii j< t , 1 , ! n j s 

n ecs ir> to sequent! Is i entb tils' he luo tphore to neem and 
er to the othe 1 

25 i v et i ■> v . s, ^ > * u- v j >s It. i 

^ - ! ulai ms 1 Similar to stand mo 1 a 

I s n I s t ntl ineediluo tu us 

dosed h nm ^et ddv o 1 ^ i « » , . < 

v i u ei b ^eo die* o t , mj»< u a a , .nh 




e 52 (Amom^XMA) sad a oligouueleDtide 54 
(denoted Q-DNA). The second a&d ftfei digtwfeatMas have 
sequeaccs ©an$emtsa!SFyt» opposite stosds of the fc&pin atssa SLA 
ftjftraplwre S6 is typically stocked to the seee»d vligamdmm 32 
(F-DNA) sad a quandgr 58 is typically attacked to the tMrd 



It is also apparent that rsteftsss attat&iag a SuKjptoc of qaeudseric 
the F-DNA mid Q~WiA iesgesifrtfy, fee oBgo«u«leoddes cast foe 

« Aatfcaw bee® modified to We 
floaaeseeat or queuc&ssr pnspeyties. For « 
9 weills 
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v.^dv ^Ui>- : <i*cxui„zu\cr- smmgi»foeopu ^e.- * eo y~ nger 
probe-target duplex 84- is .formed thereby forcing the dissociation of 
sscn? 5 : a id leabnw to foe o. a <>n s lb Hi < pi ~o -mm the 
quencher 58. 

5 

! ! S i 0 ! > > i 1 > ! 1 

i i > < S | 1 v. < b 

tripartite 'fo of the | sent invcnti* ca 'foe prox id >i as 
npb i ieh os i i t s < x t< > 

10 The body portion of the tt oligonucleotide i » ' h a . »j» , Bite 

v. < ! ! i i ? > v J I ) vl U ' < ) ^ 

sequence can be inserted. 



The probe could also be provided so an ^open-loop" probe in which 
15 each side of the so-called loop binds to a particular target, Tibs type of 

i> ! 1 i , <: 5 U 1 SK O I e\ s v. v. O i', < In 

i loop h . » i m 

nd.the< b 1 > < > coal id to an ex* 2quesac< 

Generally, an open~Ioop~ f MB could be used & leteei least two 

20 v 1 n v ^ ! x. i s t hi i { o \ d ot rl . 

i b * <; > s i i s ' <! i ! n'un 

-villK n„ tataU a > i H » > »J 

e u i s i p o s ! ^ " 

i s > / eprnv/ould 

25 be usefoh 



vi j u \e» 1 > x w nlpM v ^ v. u - po x j u 
! Mil I \x 1 s e i i i 1 N ) 

Cfoolbfo x ear b< hiteraci.ed with a first oligoj uc eotide whs ih - 
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synihesised including a probe sequence complementary to a target 
sequence and P-DNA and Q-DNA binding domains. 

Kits for die construction of tripartite molecular beacons are also 
5 i i I I hum v.ULpsoou ioen 

For example, a. kit can be provided which includes a first 
oligonucleotide with a multiple clomng she. Any desired probe 
a i , ,.m be nsoC Ju m hi , -itc \ 10 u e i loot onI 

I o contain regions of complementarit* that result in a stem-loop structure 
?ea b mm DN.A. and Q-DNA can also be 

H-ov.idedovnicl s b sta bzedsequ on die dnsi 

oligonucleotide, Thus, one has only to insert the desired probe sequence 
into the multiple cloning site and then assemble die iripartitie molecular 

1 5 beacon. Of course, it s clearly apparent that kits comprising a first 

oligonucleotide with a particular probe sequence an also be provided. 
The TMBs of the present invention have the advantage over standard 
molecular beacons in that, since the fiuorophore and quencher are not 
covalenlfy linked to the ends of the probe sequence, there is die 

20 or am ongl f ee DM S ends fhe a t 

finima >uk m etim i si on . t ^ em « u! l'\A »U 
Q-DNA can he added. 

\ Mho In t > 1'v.io * i i ei ».»s i d "<m, iipa -ed 
25 \ ipjiio x ! i • i ! ! ' ' < > < v H 

S i o H.I 1! Hi 

done in a variety of ways. F-DNA and Q-DNA cm be pre-prepared 
having specific sequences, L-DNA can be prepared in a variety of ways, 
such as synthetically or recambhiantly. The L-DNA. mast meet the 
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».nun (I u *j< j ->n \ t i i to term an i L n a e n) 
eornplemeniaruy to the F-DNA and Q-DNA at opposite ends. Arrays or 
i ltd es,<u v. ykl m 1 i u I *\ v> v\L* ! 
; ai ad rtii i [** t h d OD x * v « >a * 1 e iilo* a C 
5 development < aion phase assays 

x i i i gu it i i.| t Stem 2 and Stem 3 arv 

very stable so that the F-DNA and Qd J.N A anneal strongly wnh 
l D\ \ !r. s wu.u.u * n <. o ! neei u- c j a5„ c ^d \; i - 

10 50'V * -ih o i 4 1 \j c ac una u n* iMUib icd out 
Hie strong i tera tion ?etwee< P ON v and I DNA. as wed as "between 
Q-DNA and L-DNA ear) be achieved by having a high GC content in 
bod ?. Th h i v< si =>ure 3 A i t < j i < 
pairs out of 15 base-pairs and has an observed I'm o.f70°C, determined 

IS > 'a ! a ioho Ku i , { „ 

solution containing .10 mM IrisiHO (pH8.3 at23°Q, 0,5M Nad, 3,5 
mM MgCI2 and 0,1 ~M of DNA, Stem 3 contains 1 1 GC pads in 1 S-by 
dnpk id llama poi m ^ 6S°C) detera d using 

s s shod and under t $ > 5 nation 

20 >ui L i pl^ v s r v v js , ,> )\ K and 

Q-DNA with L-DNA- 

The experiment was repeated with the results that stem 2 (duplex 1} had 
« M t and -nun dis ^k\ x i m » no 

25 < t u\ ^ onfnn that the di 

n \k tue to the high GC con on 

Referring o.oxv to Figure 3B P she ibilitj of Q-DNA to quencl the 
fluorescence of F-DNA was tested, A linear dup lex was used in which 
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[>s <,k k>t jsn htpk nT(k i > > v h " 1 *\ \ 1 i, i! t sum 
lit bed t its 5' end and Q-DNA1, ban >:D vBCI i edt< 
e» Ph upk v si uk » teal segments sep ed 

sg rnpair< Mi < i ;e formation i ^ o 1 alstn ure 
s demerits will bring the iluonnphcne and the quencher into close 

io\mut eivi< i > > , ^ \ x u tv ^ 

when tbe d' ^ > \ \ < >bg e c\ ink > ,uc iked anccs ond uaim tap 
■: (i i lihons 



! \ x.neu. tbe 

res of i I " s j es 1 e 

when FDNA1. and Q-DNAi were fully assembled onto Template 1. At 
h, c d\ iempecatsues <> hen f-D \ \ I nd O- \ J \ A i v e v u - k», Ld ho a 
15 the temp bug strong fluorescence was observed. This indicates that 

,1 0) <\- tO« C f<\ ■ I O H'h v ' Ul-* 'l 1 , i UXO 

DMA v s I < ! = > s sd iluo i eaici < ih 
i v i h ! i h ,i isiT c. 5 d t ^ 1 usi 
pan f 1< s i 1 ! ? I h 

20 ^ ii if t a' s < , u i) Mini s 

illustrated u.i Figure 3D. From the plot, an apparent I'm is calculated to 
be 68' (0 which matches the Tm of Stem 2. It Is interesting to note thai 

im»! fh ! n u i 4 C C When 

the temperature is the act-eased bove 74 c '( he fluorescence 
25 so \ , a d Ktm a t i -J a < 

M n u s N \ I 1 h t i s s oi 

Secreasing linear! j i s s > < o i < = < ft 

X'his suggest* hai F-DNA ? 3- . ON A 1 are corn c parated at 
"* i * tUct'iti .5 <dl l( x^.tc it mi plv 



:dspeade£tceofF-DNAI, 



Frets both Figure 3C aad 3D, it is a 
F-BKAl and Q-BNAl M ab 
fe^nfe range of29»C to 50 C C For oMp!e s fee fl 
intensify «t 37°C was only «%»oufe 10% to that «t 20"C. Even at 
50°C, to solution had g ® a xmm$&*** only about 40% Ifefc* 
to tkft at 20°C- The data taftate feat F-0KA1 sad Q-DNAi a* 
form duplex stages that are stable In to tompemtare range used it» 



*todFandQ, 

To test m bypodwsis, & tripartite xaofeeolar twwon, TMB 1 » w t»ade 
and compared to a dosriy nstatod «tm« molecular beacon, MB J. 
TMB1 comprises F-DNAi, Q-DNA1, and L-BNAI . L-DNA-1 has a 

^ ! €€TGCCACG€TCXXXSS,aAfiCCACCAAAl^:rGAXA.T 

aC3^-C7t^OCCGItX^OC^l The F-DNA1 fckdmg 

Is 8fc0WttwbGld,toQ-i^Al fekdt»gdra» feMdtc^4'k italic a»d 

5'- F0DS&H^CACCAAATATOATAT GO >"£\iC Q~3 ! (*'" 
Fhmescom; Q; BABCTLTM). Itiei^gtaa, TMB1 and MB! «hsre 



Various taal detatuxatkm pmfdes wsre obtained for fcotft »1 and 
MS i by bating xelavaut DMA mfadmw fin I 0 mM TnVBCX, pH8.3 ; 
0.5M Nad and 3 ,5 mM. MgCI2) to SJ0°C to My 



trami^ to hi the DNA makefile? <anft 
werxe collected every 0,S°C aad sropfattedk Fig, 4A, Bo& W (fop) 
and t&SBl (bottom) wans »xananed tinder toe sots of ooucSttooa: m 
the absence of a target (diafiKH&& wi& atriatched target (squares) g»<I 
is fee preseaee of a tmsmatdi tags? Ctrymgtes), 



TM overall b* ha% i » « sdar under each, 

cosdMoa, paitieuf ariy wi&oa the to* et - tot 1 20X to 

55°C)- Tb &© absence efamidek: acid target, the Suwesceoce is both 
system espme«cea ttx&&A imp whets &e felly tabued soJutic* was 
goolcd to pass the fx; ■ ' • >>« sular stem started to &tm . 

to brfag F 833d Q Into dose probity. The fc&asity was sfebifed at 
apptoximately 60 fl C and oeiow for MB I m4 at below sppiKSiiraately 
50*C for 1MB 1 when most, of the morales as© m ibo closed stttttfure 



54°C (hashed tfoe h 



DNAtf 




and/or .DABCYL , > tfc too the . n. , r n i 



WO 03/05422.? 



mdm ap| « of 74.5°C iha 3 « 1 ghei th o b * >i ) x B 

J 6 5 (1. !1k ck 1 J ^ s ng \* i J Mb ^ ' v \ * u ugeernent 
with the calculated T,m of 74.2°C (in 1 M NaCI) by M-foM program 



(.c^vubcd j 1 s j s in K t v i w 

an observed Tm above 6S°C: and (2) the base-pair at fee outside edge of 
Stem i h TMB 1 is very likely not able to form due to the severe 
10 congestion at the location where Stein .1 , Stem 2 and Stem 3 meet. With 

>\ t > i i ! s ; n <<•> t M ! 5 

predicts a Tm of 63.0 C C for TM.B1 (in 1 M NaCI), which matches quite 

ii } £ i»u > * 1 <> C. Sevt th< MBs 

have also been examined for melting points and the observed Tm values 
IS: were consistent with the assumption that the outside edge base-pahs are 
i md. Th dh [M Jl had ami pie vppc trance ai high 
. i isn oiOlidlmHoCO! i tu o*. 1 vIk 



, , i> !k i k. ftipk t i » 1 ! 

20 system was v S, denshired , « the fluorescence increase with 
v v x ^ ' i < > t i 3 s ot nau e 

iepc ide ice of singkwm si 

Figure 4B is a plot of die fluorescence ratios vs. temperature for both 
25 MB i and TMB'i . Two kinds of ratios are given: the ratio of 

fluorescence intensity in die presence of the match target over the 
i ten it trmhe , lo a a o e u j.cm t sin \ <>a> m 
s res I the ratio of the fluorescence miens vi.t.h. the rnatel 
and with the mismatch target (i.e., FMatch/FMismatch- open circles). 




2 4 but , . t i lie ^ hi 1 



bis Ivor' r - , uv 1 f i ) ^ 



■topped, from 90°C to 74% 



i ; ai to v < en V s as 
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t s , Aifi i < j 1 iww vnl nil 

g< , \ n < ; < I * ' u n x 
£ h n n n ? h$e.t < >et\ e s 20 < 1 ' r < rh« 
-j„n '1 - k < d i a «. ev< - d in <v ? - hncar laie of 

5 1 -fold/degree between 29 C C and 43 °C. For 1MB L die maximal 

fluoresce* 1 n i * <. inirodueec small 

at 14 ibid n holds fairly steady between *< > and. 25°C, The 
m < I , U x < i) ( j in \ ui^ i a d n u ->av\ o im a Itaen 
rate of-0.5 fohFdegree ben i C and W Uthoi hMBl clear! 

10 has a better S N ratio than 1MB , the difference is not vers substantial, 

IV [ \n \i t » i v oi an MB ot i 1MB to 

discnxmnaK * in it ni hit n» ^ t" <-m«) * mr 
'mutation, 

15 

vfRllK»!d d iuc m * TMB vHH p'edn<.es niaunul 

9. 5-fold discrimination while TMB1 has a roaximamof 7,5 fold. 
However, TMB1 .has almost m uncha ;d disc unat i talitywh.hi.fi 
e ten.ax ge < { < B on the her hand, has a 

20 ed discrirmna I ] » u . i t 

at32°C (9.5 fold). Nevertheless, MB 1 and TMB I have very 
t,n p.aal a t ^ > 1 ^ < ^ d n 

* -F>\ \ Q ON \ tfk 1 -B\ A ate as-e u d , <> ^ nrl - u > 
25 ' ^ \0 1 mi* $ no ti p m t k> w u > i 

systems. Since F-DNA and Q-DNA arc not directly involved in target 

indin they can e iy used to constra iy.rrs.ok nl 

wuh j j>iapdas:i <sl i U! *\ w s- .i? T T>i\A and 

Q-DNA do not affect tin formation >. f the intend 1 hairpin structure by 




Figure 5 is Mot comparison of 1MB 1 md MB 1 , Rofosiag to Figi»» 

the 4mmk» of a nucleic add target for MB 1 (unfilled diamonds) aod for 
TMB1 (Sited diamonds), felhcjasseaoe of the snattfe tegst 
d(TACTCTTATATCATATITGOTGTTTGCTrT)] for MB I (wtffled 
$qmm$ sad fir TUB I (Sled to the preset of a 

[dCTACTCTrATAlX^AlVTXTOGIQTTtOCTTTX fte small letter 
indicates &s sfegte tee nsftstkm xdattv* to the a»*eh tapgg for MB I 
(wtdflJed tnaag&s) aatS&rTMBl (pk^ti&ngtes). TMB1 is made of 
PDNA1, QHNA . ;md LDNA1 wi& a itoqaea^ of 

CACCAAATAT<3ATA1^0miOT<^^^^^ <F0HA1~ 
n ift told, QDNA2 fts&tg doraaia indicated in 



t; Q: D ABCYL). The flawssceace iaasosHy w$ uormsfex! 

a as C(F T!C ) - fe*. ^ / KF^,^ • OV* 

witere *« <*» ftowcscsnce tending of a solstice at any designated 
feaperetee, 0W^ ; ) and (F^ J are tie asMSngs st20 c C for 
Itss samples co«faMag ao target sudtte mates target, respectively. 
Rgfenmg aw to Figuro SB, the sig 3tmd feoresc&uee 

jatio, oateuteted as C^^^C^^m^^P 1 ^^^^ 1 



triangles) md fcrTMJ " f festMflse 

single ayeteodde disaromattoa capability,. This is calculated as (F w< 

- / $Vc, «tr 8»d Is plotted for MM (opes 

steles) sad 1MB 1 (filled tirefes), (IVc^r. (Fre C*W 

\t z- <>i >v ' 



FigaK; 6 llkstotes the results obtained wi& TMBs having sa additional 
periphery base pais, la Figass 6A S both 

MB?.td(<XTGCCAC«CTCCGCat.<'-'^J' v U < ^AAATATGATA 
TSsC:ISO0C^GC^OX?KX^(X)] a&d TMBS 
[di^CJTGCCACQCirCGCg^^mCCAC^AAATAXGATATaQ 
XCS£eCrc:GC^.CC0rCCiC5C)j to* toe same sequence as TMB1 



except for base msarnoas {shown J» small letess; FDNAJ hmdmg 
sequence shown is bold, QDNA1 bmdMg domain fadicstedk Mfc and 




Sbce FIM& asd QDMA a>:e not daectly involved k t^etbtedsa.?, 
they can be used as a universal fluorophore/queae&er psdr to constant 

long as FUNA and Q'D'NA da not fl€bct*h* taatim oftbe intended 
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a no JTO>KiLH\j«,ii>o^<! *<<j <opl-e ^qanel rg. 

nun f x b - 1 wed n ify evei 

probe with a ftaophore and a quencher. 

5 

To demonstrate the general utility of a single sot of PDNA and QDNA 
foi multi| emolecs ? >n bli c I . TMBs were 

i Mi jc; cfMP In ct i % i roiv > ! s ! lu «»» nj« . P\ \! 

* <1 \ I P " -vi.d 1 he icm * arc shown n , tg v 

10 EachLDN^ ! * n a hairpin stmeture ^ h . the universal 

set of stem-1 , stem- 2 aid stem-3 hut with a unique 1 5-nt loop sequence 
fortarg* h ling. Figure \ 8 ( ud D ilius te the thermal 
dmauiraiion profiles ol the four I'MBs o uamed undei tl n e outfit or* 

S I . ! S >1 i p * 5 

IS pua ti - i *»ti\tuic contonm u i Mn in . 
As expected, all three new tripartite .molecular beacons can signal the 
how , ou f nidi s Iti e^ S d t fiuie- cue uwt\ 
hut o wh 1 h T n ! i 1 1 > 

uu\uva- h s a > w < s ' 

20 i i o ( i h to i u i uuii Ms k'.! un. ure 

u q ' v ! k i ' u u> s o 

depe; col j '<.H enter of not . v etve W aen < ts 

A l^h so ! ■>! ^ ^ne I P 5 5 i p nli < « 1 « 1 t 
demomt; t - eve) ot < s uni 

25 loiru. uun AUi ( > i e t ' u ej ! i 

' MBS and TMB61 the s s c m be aeh eved 

U! Inch feinw? A-C is WW a •? w srepi ■ i v sw te< a v Ota e ua 
TMB6 (its target is GC~rich with 67% GC content) was near 50*C, 
while TMRA whose target is AT-rich with 73% AT content, exhibited a 
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large fold of discrimination even at 2CFC, 

; VK* Uho \ I - io i s»\j i. j k I 1\ - n . > »C . <>~ j ^ect ore v.* 
iti J < U v j i J \] ? { \ u i 

5 suitable .for single mismatch discrimination (22°C for TMB3 and 50°C 
tin (M!}t° -u' a - :■ c - is i v i ii 1 > l }- \ ane \B 

ps: „ i i i ^ U! t i i a s i i > 

« <>Ci ^ K< ' « 1" J H » * > i m ^ 1. .01 

.msa 'kK.>>'] l^iv. aa\ 1 ' o ! i s < i vv » i't 
10 ni41^ s r an e- oik Aviu^ ^ 1 >v 1> U tui r 

nh\at\n(H,^ i v t jiuO Km ; hi ? a ' «a M >s U 
i target (squares) Uheresul o i mis t te I 

M3morermnu e fluo - i f vol * - tiers 
t iou m i i ( i s \ rac kv u » 1 1 v 

1.5 ilrs indicate t! vl Hs i ecii discriminal 

gainst targets dill ' I * rich ami 

GC-rici s 

i i k <tl i < ' \\ - s la? 

target sequences (1, 4, 1 1). 

20 

Vltl I MB is intende >r the deieedo i DN \ lih cat 
form specific Watson-Cnck base pans with the loop sequence of the 
LDN \ (vx I ig.2g u in x^iH ihit smdesnahle svad-ih Jmi 
disrupt the forrnaiioo of stem- 1 can lead to false positive results. One 
25 Mwhle-cc - h , l>\ \ j<" n h\ ^ » < f 'vise 
- „i i - ^ ic x - in i >x v > s a - .0 5 i ou„ >> ! Oti ! 
co ogle i rsces of the stem-1 and i ucl 1 ^ <^ 

i ! < <n i old terence that n r i 

particular scenario, a special DMA target, ST-1 (ST stands for "side 
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taiga;" k used 10 tost dk> ta -e , nJjjfixvMhum *«h iiVFO ST- 
3 contained a 5-atsequ d (th i 'if s the oop Ending 

(« € las the ta t ighouttt idy) intend ' ] 
iK*st^Mo 1MB31) o e s s . ^ .if^vi us. :>m 

die stem- 1) as well 83 die 8 nearby nudeotides (4 on each side of die 

^ i, n 1 t \, v < ^ ^ du> o * n * nonaction of 

ST-1 (Fig. 5 A, the data series ir= diamonds) and the IhtcwteStsSBSS? 
intensity was even lower th s ha so u a he niisn > h ta 
■ q s < ! , i s 1 sruptioais 

not significant 

U, Uii i a !• n < do ih mm » n\ \ 

pair, a simple array experiment for target sensing by fluorescence was 

B conducted, hi addition to TMB3 -6, two naw TMBs, TMB7 and TMBS, 
j» . . n contained the common set of * i rn- 1 . -ko 7 rr.d skrn-A but 
different probing sequences were included for the experiment. 

f , i ioleeulartx [nth 

presence of each UNA target determined at 22°C is plotted in Figure 

20 ?A. The results indie othatea ripartiie uioleeu x on t nits 
vesy strong fluorescence in the presence of die match target and 'but 
exhibits vc lo i round fh cen in th esen of each oi 
the u u itendes ta gets 1 oi ■ sstance, I'MB7 h; d a - foresee? 1 e i aensicj 
of 217 in the presence ofT7, hut only had fluorescence readings 

25 o ^ 1 5 1 i i t ive noo.d sira k i cgets were i ed(the 

background fluorescence at 33,5). The solutions used for Fig. 9 A were 
0| La w i v N ' I- u <. v i,i 1 i * Ine? 
eresnlts tresh * n guje ,J B 0? <. aisu s ouiauieU c 
match target were able to give rise to detectable fh •orescent signals- 



WO 03/054223 P< 1 <. V 

-29- 

Each TMB was also examined tor match target detection n the presence 

I { s i, ta u.'ix is well as in the presei of oi 
a< uan 03 > > » i 4 ' i is dvis** sho iuuiowc 
a > 1 1 i o a v M id only < 

5 Ino^v eree " i <e hie via > i. * v i \i o ,ua n< 

I h ^ » ' > t >. a . , 1 1" > IP\ 

. k 1 «! v , ,! s v 0 1 ^ 1 I iJ ^ ! k 0 < v * ! > , 

b.i high throughput applications 



10 Ikf f 1 < 1 > i oa o u i i t. s ! I; |i 

nnuitton hn\ , -h ,i on ! ^ i k . \ , ^ a >^ a 
a oar t 1 «. < i < s d i < v. .tit 

?acon forms a closed stna h three stems s loop, la thi 

? n < i I ! i > s i ! „ u s Hoi it hi \u ai ea 

15. and only low background fluorescence can be observed , When the 

perfectly matched target nucleic acid is introduced into the solution, a 
[MBim ruotural on from th hi 

lon-iluoroscea fate the open and sis ling state, reporti 

C( t t-U! A s ! i ! v ' StB 

20 hi ^ | c > i ! n o i a * 

Ik ^ t * i ! i ! 1 v 5 

a nais aa a i e auae>a i ouoa a>o \* upamha 
similar to - , raised by 

the comparison of MB! and TMB. I'. From20°C to 40°C, MB1 has a 
25 i v ' - " I vi i v v \ <>-!<< m 

MP- i K kK s\„ha > i wacuMfo. o-r.v V il l a J 1MB; 
id 1 Mil ipari ral ofh ■> m 

related TMBs, i a chw h a - ert da a uuaKM \ > n IMKOjsC 
x v 'v * n> aa n u m a i is rep \g !« 51 -a e oi a i 
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nuclcic acid tor^r? and i fo t -v\ Ji\ target; uf-ni; only hi singfe 
point mutations or single base deletions. 



the liabpni stru res of! I oh ornewl ' c 

ill i i < i 1 ' * i ' i t > . 

forming u ub J >. 5 : h t v (> ui ^a n 1 i > ! - » *o x J- * \ 
considered when designing TMBs with a desired melting point. The 
n km po» J * " a til , <. t A < \ en s s k t 

10 p > i d h nu 1 x i v'.h t"> k i I' i,"Oid ^ 

convenient way to do this is to first design a stem-loop structure with 
5 rnei j s ! i> !,t o del t "take" has us to t iso isi. c 
edge of the Stein 1 . The two bases in tins dummy "base-pair" will of 
jours s > i i ' e) whei ^ i 

15 .hHi'iiiu' i.aMOk u\nn unlnoi j» tu .ah aiJou f w 
<1<.-n cd - 1 f 

pared to pi icleculat oolecuiar beacons hay< 

the significant advantage that they can be easi [y adapted for high 
20 < e i t i t tl , i ? i >j U a s tJ 

stogie set. of'F-DNA and Q-DNA and a series of standard 
oligonucleotides as L 0NAs, a variety of tripartite beacons can easily bo 
issemb) or de ii t iei ds. The wo i ipaxti 

iclecular be ! s rt I * >st effec i e d < t i u 1 
25 uH d ik\ i w h < d s n 4 ! dn 

. i i ^ ! i J sH < i ^ \ \ f 

f ipai « a sfecnlarbe >ns Iso a e the ad ante >f greate 

1 >dl lit) nlhe hoice o.i 1 oro b s thai n b* used or exam I 
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large number of nucleic acid samples cars be probed wiirt two or more 
Hjoh ph \es uv n be t ,\ , ? 1 s s > m J ^r>j mth 

significant increase in cost mat would Ik- .i^-viareJ w irh a «t auhrd 
molecular beacon approach. This is because same L-DNAs and the 
5 juODm ■ s v i v ul ui * ' > ! < 

[ > x k I s . it ! v s , 



ipmhle molecui m - 11 suited to: die < ns? ueriors of 

wavelength-shifting molecular beacons. A wavelcnghosinilmg 
10 molecular beacon, uses three labels; a quencher at 3' end and two 
p, w <yl ib i Ufio >phi> i d to fits Him , v U 

short distance at the 5' end (Tyagi ei am 2000). The harvester 
iluojopbi-K i> oh.osoi h a m> m n si ! the 

vailabte monochromarh ght source and the ab >rbe< ;aergy is upt 
15 nittcd as thso.i ut 1 < 1 i m ■< 1 , i 

M t.c emitter fluorop'b* ! > nmd th 

wavelength-shifting molecular beacons are substa m< 11 b.nghtet tb m 
venti ! liar bt bat contain ica 1 j s 

v. S m v , c ,\\ J sbk e )mmaue 1 

20 son I « . v v i m , .J U « lea«.OCSC4fi 

sigui ! ' > ^ 1 n n > ! 



urn rip noieeuiar b ons of the ra ti invent n [so i! sii i 

sn ice r co a . ei w ! r I i maeon a o <• in t s r > 
25 - <s )\ ^ i ^ too io i m 1 5 ' s i <n v. - •> 
•ton tiolo . ! ^ < v W'hiteeot 1998; Bums, ^ 

* 1 v <v > cm 1998) ?c i b k 

.cin s w J o o m >! 1 >>x r 5 ^ m !> 

discovery studio N y - 1 o\ ^nucleotide 
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>rol „s euv « ucs os iquid " > " s. iru 

methods (Chee f M et ai., 1996; Schena et aL 1995; McGalL et. aL 
1 996k \' s » 1 s technology is m comrncrcub use and. has yielded 
vast amounts of genetic and cellular ill in ioj all current DMA array 
5 yp t * t !<<«>< ? with varic 

ftuoiophne- i 

ii i I v. I S I f. U ! < , ' 

f t » l[ i ! 1 S 1! s. i U 5 i ! V ! I IN 

L> 1 V. i V I si 1 ■> i 

, 1.0 quenches to c Is iii.ii Ik ' 5 x i ^ > ! st d v 

<u n <. us v a > 1^ i tN \ iii a a s ^ 
ica'i pr< ! s ! h ipartik 
molecular beacons of the present invention. 

15 N hi' in i, ' , * ' J i s i <! 

molecular beacons need to be .immobilized on the array surface, 

k * Istl i v i s f eoa mei utheti 

DN.A ii v v i. " ^ i ! \ ! n v. can be directly used to immobilize 
LDNAs. FDNA and QDNA can then h ) 

20 ^ u < a t t ^ ^ 1 1 ,i - om.s s Ok 

i s ! 'i ,1 n i i!l I < 1 {if! 

and thus, there is no need to label nucleic acid targets, 

i e ii 1 > i ! h i ! « es un tit uht's 

25 suited f»r oviksuc- u ko I beacon t ^ Since only o- 5 1 
A > > , , I m! !A\-> * i b< m i I t o s m 

K s o o I \s s\ \ { < i 

c ' c> hen, ^ \ v >. > j os n . ? o twithf AbnNA 
r DA \ At Q I >\ \ u ! > [pi el ^ s v. sa scAnson 
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tj an be directly mixed ith sample of itei during hybridizatk 
flu* u a i U u ib< 11 i ! j » j 5 > 

icedti I be nucleic at d targets fhus,the present invention tiso 
pro ! kits i he n iti ip a >^ moleeul \ i 

5 

It p t s t luhii'i ola^ea'u c oi iu 

standard mok-euta Iv.u ^u -rid fH-aeacew MctuUng u.p-rtito 
f oleeulat e i high h i \ k emulation ins \ 
i , K ' < C , v' ^ s , i - ] s {fk * !S 

10 

Since on!} nan shihrJo uo-deov d> ni kuihl-sM moibte 
n s ! eedtobeims Used 01 ! > - 

standard teel riqueg for coating mi arown ys w if syi ieti t *N K oligo- 
deoxyribo-nucleotides can be used to immobilize L-DNAs, F-DNA and 
IS Q-DNA can then be supplied as a universal stock solution that can be 
im\ ! i un < ! n ! ! ^ ^tep 

I 1 o eiu is generated di i ivbridi a dthu there is no 
need to label nucleic acid targets. 

20 Ibtj svi n in n > ol* i ee otn p M 

molecular beacons. The kit typically includes an L-DNA which may 
include a particular probe sequence or a multiple cloning site where cue 
-caninse ro \ enceofin i fhekita > include F-DNA 
and a Q-DNA tor hybridization t die L-DNA. 

25 

The present inveatiea provides tripartite molecular beacons which are 
u \ > dard i cedar beacons in si tag the 3 nee* 
n teb <a acl ic acid targets i in precisely di u tati 1 th 
dif&i bs <; sing e 5 ucleotide. Dm to the n Uore oi the trip ■■ lie 
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i m as i ;aeon he I -P\ \ ^-x de^ a » i it t i 
knmobilixation through free DISiA, 

^.sing ef FDNA and Q:i % « o stn pie 

5 XlHs \<i (in i. u", it * a - N 

i i a | a <n >n <\n i 1 ! m v t ' N \ 
probes and more compatible with surface immobilization 

10 tlv.x « h I t - j>" !v'>vi,v. foa Ms ok 

pi nder standi ! 

i x*ses < i 

illustration and are not intended to limit the scope of the invention. 
Changes in form and substitution of equivalents are contemplated m 

it I < i , ' a 

sea 5e a 1 1 noi f< ■ nnpo >es o limit ition 
EXAMPLES 

20 ! e.aaol it v> * \ i >-e d Us a* 1 k not 

intended to limit die scope of the invention, 

\\! s <. s n is i i i ? s ! ' i * 

molec) i biologj n erred & rati r plicrdy described in this 
25 di.vdvMnv it-t examples are ;v?-n>:;ed in die snoot: tie hu-ntm" and are 
> ;11 stoveu to fn e skilled in t it ti 

Example L Oligonucleotides 

No arsd no ! s k 1 otigom leoddt If >ared by sutos 



WO m»M2Z$ FCT/CA02/O2007 

)\ \ s j + m >u - ^ i t ! te v. ses 

1 1 i< U > i § > W ^ \ \ S IWM! s I 

1 hi>, McM.imci v i v i m o ! x us r-ed lot our siud 
contained fluorescein as the iloorophore asd/csr 

quencher. Fluorescein aacl DABCYL were placed on ihe 5 ! and 3' ends 

v-r\rtc\i i\ ^ < - t< i <<< vi^w^, > 

!v j >i i o in u n" ' L't? \f > ih ^ 5 

10 <. t ! u s = s iU\ « 1 J' v v * i ,i 

5 Tunoduud D\ \ > i f 

k'lut SMtwi w >i . ! | i ^ s 

followed by ektion and ethanol precipitation. SAllimreseem and'or 
IS I'-DABCYI, modified oligonucleotides were -purified by reverse phase 
o e v u i u * t v v > W\ si >* 

was performed on a Beckrnan-Coulter HPLC System Gold with 1 68 
Diode Array detector. HPLC column was i ram X 2 mm C8 column. 
I wo buf.fei : stem ; « ere u jed v ith Buffer A being 0.1 M 

20 I O ^ 1 U » I ! * I I Kdllltl \l > 

ux Miitrile (Ail ehc cai rsage its were ? sin- i. 1 
kw --jwuiSM -all . u i,M, wih i 101 re e'mn ^udiimt 
(10% B for 10 min, 10%B to 40%B m 6S min) at a flow rate of 1 
i ! [ c ray strong al orj 

25 both 260 ora and 491 a.m. The DN A within 2/3 peak-width was 
collected and dried under vacuum. 

v n iu.d Jucwe v .o tvj ^eie ^w ' Jr ' s" md i <su 
• oneerm.m - ^ ^ ■ . crm bred spectra. s ~\ * ^ h eneoveri 
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reagents were purchased from Sigma, 
Example 2 Flaoresceitce measurements 

The following concentrations were used for various oligonucleotides (if 
5 not otherwise specified); 1 00 tiM for fluorophores, 200 bM for hairpm 
UNA, 300 nU for quenchers and 600 nM for complementary TMA 
target. AH .owa.srueraents were made in 1500-pl solutions containing 
500 mM NaCT 3,5 MM MgC12 and 10 m.M Tris~HCl (pH 83), The 
fluorescence of molecular beacon mixtures was measured on a Cary 
10 Eclipse FIuoreseeo.ee Spectrophotometer fVarian) and with excitation at 
490 ran and emission at. 520 am. 

For ol thermal denatara 1 aa ul 

mixture, the DNA solution was heated to 90°C for 5 rain, and the 
15 temperati as the i o ! < ! i ? 1 s 

\ reading - itomatieally for < er> 0 5 I Jecrease 
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i , A '!<,'! probe comprising; 

h.a\ > st end s« ,renp a .\ccond 
5 i ^ is n 4 , ; , s ti s t , is ^ ond eiK 

segments; 

h)a secern < > > , ; v \ N > 

b m .<)*><■ ^ n a d 

I I I „ 1 5 ' < > ! \ 

10 hybridize i ! > nen 

lieiv »s emi segn lid second end segm s 

complete tars i co? < e« j > imi s. too ok ti\d,t ide i to 
a stem- loop structure. 

15 v probe accord L where h sc first e d ©go. ;ot 

comprises a. first oligornic.leotide- 

hu v > mi,)'! ii' i iu , t (.nl i 

! ' " li^li' 5 d i nl 

«. - 1 x\ , i iO\ i m o nj < t \n 1 

20 ntek f s (' ,i j j i v . !K n_ 

a rcn i ii«Cv \> n,i,l iu 

! ^ ^ n a 1 i ( , \ \ L n < 'i „ „ 

ar.d ^ p ^ v \h i as a ^J, e on t sg , i o . a tina- 
segment 

25 

3, < p^ , i u 1 ) , i' , j < s i t 

v< ram ses i seqi enee comp i < , i ienoe. 



ep K- v U i * * ciea i n > i n ee 
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q> > u i 1 \'s n j i v n u -ccon! 

i\\ K,cr«up so \, b = > i !>-n" . k\ no\ ^bi ic n 
the I'-DKA u> '$ < ! \ ! p os s t^rol ku>! c ice torn 
the F-DNA. is quenched by ihe Q-DNA, 

5 

5. I ! s o >c i .i ehn in the ) 

seqik-nce 

piobe-t a, \ j 

hN V I oj , » v i > v ! >\ i du te ! 

10 

! I Ul L, i I ! i > !"*!.- Vv 

, *, s is j S i i !' i (« ; \ 

between the c ompkmeniari ty regions. 

IS 7. The probe of claim. J s wherein said fluorophore is eovaJently 

linked to one end of said second oligonucleotide, 

& The probe of el -i wherein said s j > . < ck 
comprises at least one fluorescent nucleotide analog. 

20 

9. The probe of daii.ru , wherein said third oligonucleotide has a 
qiienehe * e s bed at. o n 

.10- It * ! -Mid i i * u H 

25 > >. o si , e ^ d ii t - 

11 A U fd tin de, i ^ , s , 0 < 3 or*. u 1 

o nr. o -v 

i) a loop oligonucleotide (L--.DNA) eoninri sing a probe 



sequence and oompl uei i s ■ couences on each side < >f said probe 
sequence; 

ii) a ftuores ent *be) oIi| >ti oi > da capable oi 
hybridizing to said loop oiigonoeleobdc on one side of said probe 
5 sequence; and 

! : ' «h h > i i v. o u U ' e ! ^ o 
f h hh i \l I 1 n j ? k k n v > . 

sequence. 

12, A kit according to claim 1 1. wherein said probe sequence 
Ml H i. o i > < < 

13, A kit according to claim IL wherein said probe sequence 
comprises a restriction u \ tre cloning site, 

14, t jcid 
sequences comprising the steps of: 

! 5 1 1 ! (Si ! ( > > \ X 

and eomokoeU ! ^ cms >vu > , o t tern oo 
strucmre; 

o o > s i p i ,? . t J , uanuface; 

; > <. , . t o o s ir b < joj bo c ai e \? 

O.'i U " n ' 3 S i i 1 

- v 1 *e s i ^ .J > ! \ ' s code 
co ■< \ 5 vl . s s cor I ; u s S m » d ^ i 

- k h i som hi I d v. i !m en ; c ' 1 
f I iosa opoi uckiotick i .fluoresces 

- del cted s ) < c binds to « jpiemeniarv large* 
sequence, 
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1-5. s rxt* od aceooii irtu ail i sere n : id k o\ 

oligonucleotide is immobilized < K surface through free DNA en 

! 6, A method according to claim i 4, wherein said loop 
5 oiigonueieo e,sai re M , « and said 

quencher modified oligonucleotide are combined prior to 
n\ v>' a <> s § , ILK. 



17. A method aeaadia- a dan; 14 therein the rluorophore 
10 labeled olv t oKuclcotide and the queue! ewmodif! e ! oligonucleotide are 

i i t i ill { i 

18. Ihod t I o 14 when a 

labeled oligonucleotide and said quencher modified oligonucleotide are 
15 added sequentially. 
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